Abstract. Poyang Lake is the largest freshwater lake in China. It faces a series of ecological and environmental problems, hence it is important and necessary to study the land use change in the Poyang Lake region. In this study, Landsat images in 1976, 1989, 1999 and 2009 were analysed using methods including quantitative changes of land use and land use degree change in the Poyang Lake region. Land use was classified into seven types: cropland, woodland, grassland, water body, construction land, bottomland and unused land. Cropland, bottomland and water body were decreasing while water body decreased relatively slowly. However, construction land, grassland, woodland and unused land increased to a certain extent. The land use degree was above national average. During the period 1976-1989, 1989-1999 and 1999-2009, land use was in adjustment stage, development stage and adjustment stage.
Introduction
The term "land use" reflects human control over a piece of land, either for a long time or periodically, using a series of biological and technical activities to achieve social and economic goals, making use of the land's resources in the process [1] . Changes in how land is used arise from interactions between the natural environment and human society; they also reflect important changes in ecological environments [2] . At present, land use /land cover change (LUCC) has been one of the focuses in the world [3, 4] .It is planed as IGBP-IHDP core projects [5] , and becomes an important part of global changes research [6, 7] for its basic and importance in global change, biological diversity and other areas. As an important factor that influences environmental and ecological change, how land use will change in the future is the core scientific problem of the current study [8] . Therefore, analyzing past land use changes is important and necessary for predicting the changes in land use that will occur in the future. This analysis will help promote sustainable development in the social, economic, and ecological realms.
Poyang Lake is now the largest freshwater lake that is linked with the Yangtze River in China. It plays an important role in regional water resource management and biodiversity. The Poyang Lake region is the core economic region of Jiangxi province, as well as the most important production area for agricultural products. Furthermore, it also functions as an ecological protection zone in China. However, in recent years, Poyang Lake faced a series of ecological and environmental problems, such as soil erosion, land desertification, drought and flooding disasters, loss of biodiversity, etc. Studying land use changes in the Poyang Lake region is therefore one of the keys to solving its ecological problems. However, few studies on the impact of land use change in the Poyang Lake region in long-term temporal scale have been reported so far. In this paper, based on the remote sensing images taken in 1976, 1989, 1999, 2009 , characteristics of land use change in the Poyang Lake region from 1976-2009 will be analyzed.
Methodology

Study Area
Poyang Lake is located in the north of Jiangxi province on the south bank of the Yangtze River. It is the biggest lake linked with the Yangtze watershed. Because of the dual influence from the Yangtze River and the "five rivers," consisting of the Ganjiang River, Fuhe River, Xinjiang River, Raohe River, and Xiushui River, Poyang Lake has drastic seasonal changes. It forms a unique geographical landscape in which "high water into a lake, low water like a river" and "floods into a sheet, dry into a line." The Poyang Lake region refers to the region in which the Poyang water body, lake and continent ground attached to. The study area encompasses the main part of the Poyang region, between 115°47′−116°45′E and 28°22′−29°45′N (Figure 1 ), covering an area of 23,830.16 square kilometers. The Poyang lake region is a subtropical humid monsoon climate. The average annual precipitation is 1,341-1,940 mm. Its geomorphologic structure distributes in a ring and is centripetal. The order of the geomorphology from the middle of the lake to outer edge is water surface, plain, down land, hills, low middle mountains, middle mountains. Humans have been active in the Poyang Lake region for thousands of years. In the 1960s, inning was prevalent [9] . These inning activities claimed land from the lake region and decreased the size of wetlands, which eliminated or ruined the habitats of many animals, especially of birds, causing a serious threat to biodiversity [10] . However, the Mountain-River-Lake Program of the 1980s had a profound influence on land use and land cover in the center of the Poyang Lake region.
Data sets and method
In this study, four remote sensing images (Table1) were used to examine land use changes in the Poyang Lake region. The images were geometrically corrected and projected into the Universal Transverse Mercator coordinate system. They were processed to produce color composites images by using these bands: 4(red band), 3(green band) and 2 (blue band). Land regions were classified according to the guidelines given in the National Guide of Survey of Land Use in China [11] . Following those guidelines and considering practical situations, we classified land use into seven types: cropland, woodland, grassland, the water body, construction land, bottomland, and unused land. Land use regions were determined by a combination of supervised classification and visual interpretation of satellite images. A maximum likelihood classification method was used to classify the image data [12] . After classification, land use maps in four periods were obtained. To determine the accuracy of the image (Figure 2 ). 
Quantitative change of land use
A quantitative analysis of changes in land use was helpful for understanding the pattern of land use change, changes of land use composition, and the degree to which humans used land resources at the time. The quantitative change of land use can be expressed as:
Where S 1 represents the total change of a certain type of land use during the period; S 2 represents the peryear rate of change associated with a certain type of land use during the period; U a and U b represent the areas of a certain type of land at the beginning and the end of the time period, respectively; and N is the number of years during the time period.
Land use degree change
Land use degree mainly reflects the extent and depth of land use. It not only reflects the natural quality of land itself in land use, but also reflects the composite effect of human factors and natural environment factors. A comprehensive analysis method of land use degree was proposed by [2] . According to the natural balance state of land-nature synthesis under the influence of social factors, the method divided land use degree into several grades and gave grade index accordingly. According to the grade index, the quantitative expressions of land use degree composite index and land use change model were given respectively [15] . In this paper, combined with the actual classification of the study region, the author briefly modified land use degree grades. Then the grading system was obtained (Table 2) , in which unused land and bottom land were assigned the factor 1; woodland, grassland and water body, the factor 2; cropland, the factor 3; and construction land, the factor 4.
(1) Composite index of land use degree. Its value reflects the land use degree of a certain region synthetically. The expression is as follows:
Where L j is the composite index of land use degree of a certain region; A i is the grade of the ith land use type; C i is the percentage of the area of the ith land use type; and n is the number of land use grades, with the value between 100 and 400. The land use data interpreted from image data are summarized in Table 3 . Based on this data, we used formulas (1) and (2) to quantify changes in land use within the Poyang Lake region; the results are summarized in Table 4 . As showed in Table 4 and Figure 3, 
Results and discussion
Analyzing quantitative change of land use
Analyzing land use degree change
The composite index of land use degree in 1976, 1989, 1999, 2009 , changes of land use degree and change rates of land use degree in the study region in three periods were calculated by using equation (4) and equation (5)( Table 5) . Land use degree of the study region was above the national average (231.94) [17] in recent 33 years, being a status above average. From the viewpoint of changes in different periods, during the period 1976-1989, land use degree of the study region showed as follows: cropland of grade index 3 had an obviously decrease, unused land of grade index 1 decreased. While woodland, grassland, water body of grade index 2, bottomland of grade index 1 and construction land of grade index 4 had increases in different intensities. But increased area is briefly less than the decreased area which caused the value of land use degree change in this period was negative (-10.87 that land use of the study region is in adjustment phase. Agricultural industry structure adjustment as well as the implementation of Mountain-River-Lake program may be the reason. During the period1989-1999, land use of the study region showed as: cropland increased quickly. Grassland, water body of index 2, bottomland of grade index 1 and construction land of grade index 4 decreased in different intensities. However, Woodland of index 2 and unused land of grade index 1 increased. This caused the value of land use degree change in the study region during the period was positive (11.68). The value indicated that land use efficiency had improved through the preliminary land use adjustment and land use of the region is in development stage during the period. During the period 1999-2009, the decreased land use types were cropland, grassland, water body and unused land, the increased land use types were woodland, construction land and bottomland. The value of land use degree change during the period was negative (-4.58), indicating that land use of the study region is again in adjustment phase ( figure 3 ). 
Conclusions
In this study, based on the four interpreted remote sensing images taken in 1976, 1989, 1999 , and 2009, we conducted a quantitative analysis on how land use changed over 33 years in the Poyang lake region. We drew the following conclusions:
(1) Land use structure of the study region had great changes. Among all types of land use, cropland area changed the most. Areas of grassland, construction land and unused land had increased in different degrees while area of the water body and bottomland both decreased to some extent. Overall, the water body decreased slowly, with an average annual decrease of 18.4 km 2 .
(2) Water body was the most stable land type, while unused land, construction land and woodland changed relatively intensively. Moreover, the land use degree is above national average. During the period 1976-1989, land use was in adjustment stage. And during 1989-1999, land use was in development stage. During the period 1999-2009, land use was in adjustment stage again.
